Summary Small intestinal resection rats are used widely as a malabsorption model, but the immunological changes are unclear. We examined the changes in systemic and mucosal immune status after a small intestinal resection in rats with a controlled nutritional status. Rats had 60% of their small intestine removed. At 5 days after the surgery, spleen cells and intraepithelial lymphocytes (IEL) were isolated. The phenotypes of spleen cells and IEL, the production patterns of Th1 and Th2 cytokines, and the proinflammatory cytokine levels in the plasma were measured. CD4+ T cells in the blood and spleen were significantly decreased in the Resection group (p<0.05). In contrast, IEL subpopulations were not different between the two groups. Interferon-γ production from the spleen cells was significantly decreased in the Resection group (p<0.05). Interleukin (IL)-4 production was not different between the two groups. Plasma IL-6 concentrations were significantly elevated in the Resection group 6 h after surgery (p<0.05). In conclusions, small intestinal resection in rats suppressed systemic immunity, and this model is useful as a surgical stress model.
Introduction
Both systemic and mucosal immunity play important roles in the host immune system. It has been reported that surgical stress induces alterations in systemic and mucosal immunity by using surgical stress models such as the gut ischemia-reperfusion model [1, 2] or the partial gastrectomy model [3, 4] . The small intestinal resection model is widely used as a postoperative malabsorption model [5, 6] . However, the immunological changes in this model remain unclear.
Surgical stress has been shown to affect the host immune system in human studies [7] [8] [9] . Surgical stress suppresses Th1 cytokine production, and the Th1/Th2 balance is shifted towards Th2 [10, 11] . These alterations are known to result in a susceptibility to infection.
It has been reported that the nutritional status also influences immune function [12, 13] . The immune status might be affected by both surgical stress and nutritional status. Therefore, we hypothesized that it would be necessary to examine the effects of surgical stress on the host immune system under the same nutritional status between operated and non-operated animals. In this study, we examined the influence of surgical stress on systemic and mucosal immunity in small intestinal resection rats under a controlled nutritional status. Lymphocyte phenotypes and the production patterns of cytokines were then determined.
Materials and Methods

Animals
Male, 6-week-old Sprague-Dawley rats (CLEA Japan, Inc) were housed in wire cages under controlled temperature (23 ± 2°C) and humidity conditions (50 ± 10%), with a 12-hour light-dark cycle. They were fed commercial laboratory chow, and were allowed drinking water ad libitum before the study began.
Experimental design
The experiments reported herein conform to the guideline for the care and use of laboratory animals established by the Animal Use and Care Committee of EN Otsuka Pharmaceutical Co., Ltd. Rats were randomized into two groups by body weight: the Control group (n = 6) consisting of nonoperated controls, and the Resection group (n = 7) consisting of a 60% small intestine resection. Both groups of rats were fed liquid diets for 10 days, except for an overnight fast before the surgery. The animals of Resection group were anesthetized with pentobarbital, and a laparotomy was performed through a midline incision. Approximately 60% of the small intestine was removed from 15 cm distal to the ligament of Treitz to 10 cm above the cecum, and an end-toend anastomosis was performed with eight interrupted 5-0 silk sutures. After surgery, all animals were fasted overnight, and on day 1 they were given the liquid diet described above. All animals were sacrificed on day 5, and the spleen and small intestine were obtained from each rat.
Cell isolation
Each spleen and small intestine was placed in tissue culture medium RPMI 1640 (Nissui Pharmaceutical, Tokyo, Japan) containing 10% fetal bovine serum (FBS), 2 mM glutamine, 100 g/L streptomycin, and 100,000 IU/L penicillin. The spleens were passed through a sterile wire mesh to remove any tissue debris. After centrifugation, the pellets were incubated with 0.83% NH4Cl Tris buffer to lyse the red blood cells. The cells were washed twice, and resuspended in tissue culture media.
The intraepithelial lymphocytes (IEL) were isolated using the method described by Ishikawa et al. [14] with some modification. After removing the small intestine, it was placed in Hank's balanced salt solution (HBSS, Gibco, GrandIsland, NY) containing 5% FBS. The intestine was turned inside out, cut into 2 cm pieces and incubated with HBSS (Ca, Mg free, 5% FBS, 5 mM EDTA) for 45 min at 37°C in a water shaker (150 rpm). The supernatants were then filtered through a glass wool column. After centrifugation, the pellets were suspended in 44% Percoll (Amersham Bioscience AB, Uppsala, Sweden), and the cell suspensions were overlaid on 70% Percoll. After centrifugation for 20 min at 600 g at 20°C, the lymphocytes were recovered from the 44/70% interface and washed in tissue culture media. The lymphocytes were finally resuspended in tissue culture media.
Flow cytometry
Fluorescein isothiocyanate (FITC)-conjugated anti-rat CD4 and CD8 antibodies were obtained from Immunoteck (Marseille, France), and FITC-conjugated anti-rat T-cell receptor (TCR) αβ and TCR γδ were obtained from Oxford Biotechnology (Oxford, UK). CD4 and CD8 were used as general markers of T cell subsets. TCRαβ and TCRγδ were used to identify the αβ chain of T-cell receptor and the γδ chain of T-cell receptor of IEL. The blood samples, spleen cells and IEL were incubated with monoclonal antibodies for 20 min in the dark at 4°C. The antigen expressions were then analyzed on a flow cytometer FC500 (Coulter, Miami, FL).
Measurement of cytokines
For plasma interleukin (IL)-6 measurements, blood samples were collected 6 h after surgery, and were centrifuged for 15 min at 3,000 rpm. The supernatants were collected and stored at −80°C until measurement of IL-6 concentration. The spleen cells were cultured for 48 h at 37°C in a 24 well flat bottom plate at 1 × 10 6 cells/ml/well in the presence of 2.5 µg/ml concanavalin A (ConA). The culture supernatants were then collected and stored at −80°C until measurement of interferon (IFN)-γ and IL-4. The cytokine concentrations were determined by an enzyme-linked immunosorbent assay (ELISA) kit (BioSource International, CA), according to the manufacturer's instructions.
Statistical analysis
The results were expressed as means ± SD. The statistical analysis was performed by Student's t test and p values less than 0.05 were considered to be statistically significant.
Results
Food Intake and body weight change
Both groups of rats were fed the same volume of iquid diets, so the energy intakes during the experimental period were almost precisely the same between the two groups.
Body weight was decreased in both groups after surgery (Table 1 ). There were no significant differences in body weight during the experimental period between the two groups.
Lymphocyte phenotypes
In the Resection group, the percentage of CD4+ T cells in the blood and spleens were significantly decreased, but there were no significant differences in CD8+ T cell percentages between the two groups ( Table 2) . CD4/CD8 ratio in blood and spleens were lower in the Resection group, but these differences were not statistically significant. CD8+, TCRαβ+, and TCRγδ+ T cell percentages in IEL were lower in the Resection group than in the Control group, but no significant differences were found between these two groups.
Cytokine production
IFN-γ concentrations in the ConA stimulated spleen cell cultures were significantly decreased in the Resection group (Fig. 1) . In contrast, IL-4 concentrations were not decreased in the Resection group.
Plasma IL-6 concentrations
Plasma IL-6 concentrations were significantly elevated in the Resection group 6 h after surgery (Table 3) . Before surgery and 3 days after surgery, plasma IL-6 levels were not detectable in both groups.
Discussion
Small intestinal resection in rats significantly suppressed systemic CD4+ T cells. In addition, Th1 cytokine IFN-γ production from the spleen cells decreased. In contrast, no significant changes were observed in mucosal lymphocytes IEL.
A decrease in CD4+ T cells after surgery has been previously reported in studies of operated patients. Ogawa et al. [7] reported that the number of peripheral blood lymphocytes decreased after surgery in patients with gastrointestinal cancer, and that this change was mainly attributed to the decrease in CD3+ and CD4+ T cells. In our study, CD4+ T cells in the blood and spleens were significantly decreased Values are expressed in grams (means ± SD). 0.24 ± 0.14 0.31 ± 0.11
Values are means ± SD. *p<0.05 compared with the Control group. after surgery. This change in the T cells may be associated with increasing post operative infectious complications. In contrast, no significant changes were observed in IEL. The gut-associated lymphoid tissue (GALT) is a barrier in the intestine. IEL are present in the innermost layer of the GALT, and represent a rich source of cytokines [15] . A depletion of CD4+ and CD8+ T cells within the GALT has been reported to increase bacterial translocation [16, 17] . Gryglewski et al. [4] reported that lymphocytes in the peripheral blood and GALT (Peyer's patches and mesenteric lymph nodes) changed significantly three days after a gastrectomy. We examined the changes in the lymphocyte phenotypes 5 days after surgery. Whether the changes in mucosal immunity after a small intestinal resection occur earlier than the systemic immunity changes remains unknown. Further studies are needed to clarify the changes in IEL.
CD4+ T cells are divided into Th1 and Th2 subsets based on their cytokine production. The Th1/Th2 balance is regulated by various hormones and cytokines in the homeostasis of the host. Th1 subsets are characterized by cell-mediated immunity, and by the production of IFN-γ, IL-2, and IL-12. Th2 subsets are characterized by the cytokines IL-4 and IL-10, and by antibody production [18, 19] . In our study, IFN-γ production by spleen cells decreased significantly after surgery. In contrast, IL-4 production did not change after surgery, and the Th1/Th2 balance was shifted towards Th2. It has been reported that a down-regulation of the Th1 cytokine response or cell-mediated immunity makes patients more susceptible to infections with viruses, protozoa and intracellular bacteria [10] . Tatsumi et al. [11] reported that IFN-γ-producing CD4+ T (Th1) cells were suppressed on postoperative day 7 in patients who developed postoperative infections. This shift of the Th1/Th2 balance to Th2 after small intestinal resection will also affect the incidence of postoperative infections.
Plasma IL-6 concentrations were significantly elevated 6 h after small intestinal resection. Surgical stress induces the release of cytokines such as TNF-α, IL-1, IL-6 and IL-8 from the operated site or the damaged tissues. IL-6 is the main mediator of the host acute phase responses, and stimulates hepatocytes to produce acute phase reactants such as immunosuppressive acid protein (IAP), C-reactive protein (CRP), and others [20, 21] . IAP is reported to modulate the CD4 antigen expression by lymphocytes [21] . Therefore, the increase in IL-6 levels after small intestinal resection might be one of the factors that suppress lymphocyte function, such as CD4+ T cell depletion or a shift to Th2.
In conclusion, the present study demonstrated that surgical stress in a rat small intestinal resection model decreases systemic CD4+ T cells and suppresses Th1 cytokine production without increasing Th2 cytokine. These changes may affect the host immune defense, and increase the incidence of postoperative infections. Our study indicated that small intestinal resection rats are useful not only as a malabsorption model, but also as a surgical stress model. Further studies are needed on the immunological changes induced by surgical stress, and effective nutrients for the recovery of immune function. 
